Activity of phytate dephosphorylation was determined in 26 samples of cereals, legumes, oilseeds and complete diets for poultry using the colourimetric and isotachophoretic method. The former method was based on the colour formed upon the reaction of molybdate with phosphate released from phytate. The latter method was based on measurement of decrease of phytate concentration in the reaction mixture. Rye had by far the highest phytate dephosphorylation activity, followed by wheat and wheat-containing diets. However, for most of the other samples, this activity was low. Phytate dephosphorylation activity as measured by capillary isotachophoresis was numerically lower than activity measured using the molybdate method; however, activities assayed by both methods correlated with statistical significance (r=0.86; P<0.001). The isotachophoretic method may be suitable for phytate dephosphorylation activity assay in feeds with a high content of inorganic phosphate and in samples of digesta and faeces.
INTRODUCTION
Myo-inositol-hexakisphosphate, or phytate, is the main storage form of phosphorus (P) in plant seeds. Phytate P is relatively unavailable in monogastric animals due to insufficient endogenous phytase activity in the digestive tract. To improve the availability of phytate P, diets of poultry and pigs are often supplemented with phytases of microbial origin Ravindran, 2007, 2008) . Some plant feedstuffs such as wheat and rye contain powerful phytases capable of hydrolysing phytate within the animal digestive tract. Literature data on effect of intrinsic phytase activity of feeds on phytate digestibility are ambiguous. It has been shown in pigs and chickens ) that the total tract phytate degradation was not related to the level of endogenous phytase in the diet. On the contrary, Schlemmer et al. (2001) concluded that plant phytases were responsible for the degradation of inositol phosphates in the pig stomach and Oloffs et al. (2000) reported a significant correlation between intrinsic phytase activity of feedstuffs and phosphorus utilization in hens. According to Pallauf and Rimbach (1997) , the utilization of phytate phosphorus can be considerably increased by feed components such as rye, triticale, wheat and barley, i.e. by feeds with high phytase activity. In experiment of Zimmermann et al. (2002) , however, cereal phytases were less efficient in pigs than microbial Natuphos ® phytase as 2.5 U of cereal phytase from wheat or rye were needed to replace 1 U of microbial phytase. This was probably caused by a negative effect of low pH, pepsin and pancreatin in the gastrointestinal tract on the intrinsic activity of grains. In contrast, stability of Aspergillus niger phytase was not much influenced by a low pH and the presence of pepsin and pancreatin (Phillippy, 1999) .
The determination of phytate dephosphorylation ('phytase') activity is usually based on the colour that is formed upon the reaction of molybdate with the P i released from phytate (Cooper and Goving, 1983; Eeckhout and De Paepe, 1994; Engelen et al., 2001 ). This method is inaccurate when this activity is measured in samples containing water-soluble phosphates because the high background of P decreases the colour contribution by the enzymatic hydrolysis of phytate. To avoid this problem, Schlemmer et al. (2001) elaborated a method based on phytase protein precipitation and subsequent removal of inorganic phosphate by dialysis. An improved colourimetric method for the rapid determination of phytase activity in feeds was developed by Kim and Lei (2005) . This method uses a spin column to remove free phosphate before measuring phytase activity. The measurement of phytate degradation to lower inositol phosphates and P i using a suitable chromatographic or electrophoretic technique represents another way of assessment of the phytate dephosphorylation activity. In the present study, the levels of phytate P and phytate dephosphorylation activity were determined in samples of cereals, legumes, oilseeds and complete diets for poultry containing wheat, maize and soyabean or maize and soyabean. Two methods of phytate dephosphorylation activity measurement were used: the method of Eeckhout and De Paepe (1994) based on the colourimetric assay, and the capillary isotachophoretic method.
MATERIAL AND METHODS

Samples
A total of 26 samples representing cereals, legumes, oilseeds and complete diets for poultry were collected and analysed for total P, phytate P and phytate dephosphorylation activity. All measurements were carried out in duplicate. The wheat-maize-soyabean diet for laying hens contained wheat, maize, soyabean meal (extracted) and wheat bran at 353, 303, 155 and 26 g/kg, respectively. The maize-soyabean diet for laying hens contained maize, soyabean meal and rapeseed meal at 593, 205 and 75 g/kg, respectively. Both diets were supplemented with dicalcium phosphate to increase total P concentration from 5.94 to 8.02 g/kg DM, and from 4.52 to 7.20 g/kg DM in the former and latter diets, respectively.
Phosphorus and phytate P determination
Total phosphorus in feeds was determined by a vanadomolybdate reagent after ashing dry samples at 550°C (AOAC, 2005) . Phytic acid was extracted from finely ground feeds by 0.95 M HCl, and content was determined by the isotachophoretic method (Dušková et al., 2001) .
Phytate dephosphorylation activity determination by the colourimetric method
Phytase activity was measured as described by Eeckhout and De Paepe (1994) . Briefly, 0.2 g of each finely ground sample was weighed in a 50 ml volumetric flask, which was then filled with a solution of 1.5 mM Na-phytate in 0.25 M acetate buffer, pH 5.5. The flasks were shaken for 15 min and then placed in a water bath at 37°C. After 10 min, a portion of the incubate (2 ml) was placed in a test tube, and the same volume of 10% trichloroacetic acid was added to stop the reaction. After another 60 min, the procedure was repeated. The contents of both tubes were centrifuged (5000 g, 10 min), and the concentration of P i in the supernatant was determined using the acid molybdate reagent (Peterson, 1978) . Colour was measured in a spectrophotometer at 700 nm and compared with a calibration series containing 1 ml of 10% trichloroacetic acid per cuvette, 1ml of phosphate standard solution (0, 10, 20, 30 or 40 μmol/ml) and 2 ml of colour reagent. The increased concentration of P i during the 60 min incubation was attributed to phytate dephosphorylation activity. A unit of this activity (U) is defined as the activity that liberates P i at a rate of 1 μmol/min.
Phytase activity determination by the isotachophoretic method
To measure phytate dephosphorylation activity by the isotachophoretic method, finely ground samples (3 g) were weighed into 50 ml flasks, and 30 ml of acetate buffer (pH 6.5) were added. Flasks were shaken for 15 min, and a 2 ml aliquot was removed and frozen. Two millilitres of 30 mM Na-phytate (cat. no. P 3168, Sigma-Aldrich Ltd., Prague, Czech Republic) were added to increase the phytate concentration by 2 mM. The mixture was incubated in a shaking water bath at 37°C for 60 min. At the end of the incubation, 4 ml samples of the incubation fluid were removed and heated at 100°C for 4 min to stop the enzyme reaction. Samples were stored at -20°C until analysis. Phytate contents of samples from the beginning and the end of the incubation were determined by capillary isotachophoresis (Dušková et al., 2001) , except that the Fe precipitation step was omitted. The samples were thawed and centrifuged (5000 g, 10 min), and supernatants were analysed with a column-coupling instrument EA 101 (Villa Labeco Comp., Slovakia). The phytate zone was identified by step height using a standard solution. Quantitative estimation of phytate was made via a regression equation between the concentration of phytate in extracts and the zone length. An external calibration method was used with solutions of the dodecasodium salt of phytic acid as standards. Seven calibration points were measured in the concentration range from 10 to 120 μM. The decrease of phytate concentration during the 60 min incubation was attributed to phytate dephosphorylation activity. Phytate dephosphorylation activity (U') is defined as the activity that degrades phytic acid at a rate of 1 mol/min.
Other assays
In a sample of the feed mixture for poultry based on wheat, maize and soyabean, the phosphate present in the reaction mixture was determined eight times to assess the variability of the colourimetric phosphate assay. Corresponding measurements of phytate concentration were performed before and after the enzyme reaction by the isotachophoretic method.
To follow the effect of phytase addition on residual phytate concentration in the reaction mixture, a commercial phytase (Natuphos, 10.000 U/kg; BASF) was suspended in distilled water and added to the reaction mixture containing ground oats at 0, 3, 6, 15 and 30 U. The reaction mixture was incubated as described above, and the residual phytate was determined by the isotachophoretic method.
RESULTS AND DISCUSSION
All enzyme assays measure either the consumption of substrate or the production of a product over time. The isotachophoretic method for determining phytate dephosphorylation activity is based on estimating the degradation of phytic acid to lower inositol phosphates. The phytic acid molecule contains six phosphate groups, thus data on phytate dephosphorylation activity are numerically higher using the colourimetric method. Furthermore, phosphates released from various compounds by phosphatases probably participate in the colour formation. However, a significant correlation was found between activities determined using these methods (r=0.86; P<0.001). In agreement with Eeckhout and De Paepe (1994) , no relationship can be established between phytate dephosphorylation activity and total P or phytate P content. An almost linear relationship was found between added fungal phytase and residual phytate in the reaction mixture across a wide range of phytate concentrations (Figure 1 ). Figure 1 shows that phytate was not rate limiting above 0.25 μmol/ml, and that the range 0.5 to 2.0 μmol/ml is optimum for routine phytate dephosphorylation activity determinations.
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Residual phytate, µmol/ml Phytase added, U Figure 1 . The effect of supplemental phytase added to a reaction mixture containing oats, physiological saline and Na-phytate on residual phytate after 60 min incubation. Residual phytate was determined by the isotachophoretic method
Both methods gave similar coefficients of variation for multiple assays of phosphate and phytate concentration in the reaction mixtures containing the same sample. The concentrations of phosphate at the beginning and end of the reaction were 238±11 μmol/l (CV=4.62%) and 402±12 μmol/l (CV=3.00%), respectively. Corresponding concentrations of phytate were 2.26±0.07 mmol/l (CV=3.10%) and 0.68±0.03 mmol/l (CV=4.41%), respectively. The pH of the acetate buffer used in the isotachophoretic method was increased to 6.5, which may be different from the optimum pH for plant phytases, but is more similar to the pH of the digestive tract of poultry. In chickens fed a wheat-based diet, the pH values of the digesta in the crop, the anterior small intestine and the posterior small intestine were 6.30, 6.50 and 7.27, respectively. Similar pH values have been reported in chickens fed a rye-based diet (Boros et al., 1998) . However, buffers of different pH values may be used depending on the specific situation.
Phytate P content as a percentage of total P in cereals, grain legumes and oilseeds varies from >40 to 85% (reviewed by Ravindran et al., 1995) . In samples examined in the present study, phytate P as a percentage of total P was highest in white lupin (82.6%) and lowest (24.9%) in the maize-soyabean feed mixture supplemented with 20 g/kg dicalcium phosphate (Table 1) . Rye, wheat bran, wheat 
CONCLUSIONS
In conclusion, the isotachophoretic method represents another way of assessment of phytate dephosphorylation activity in feeds with low activity and high P i content, as well as in digesta and faecal samples, as shown in previous studies with rabbits (Marounek et al., 2003) and hens (Marounek et al., 2008 (Marounek et al., , 2010 . A simple and accurate assay for phytate dephosphorylation activity in feed and digesta samples is needed for research and the formulation of diets low in phosphorus. A proper activity assay is also needed to quantify the destruction of ezymic activity by the pelleting process or by heat treatment of feed. The isotachophoretic method is more laborious than the colourimetric method. Typically, 6 assays of phytate dephosphorylation activity can be carried out in 8 h using the isotachophoretic method but 30 using the colourimetric assay. Thus, there is no need to use the former method for activity determination in common feeds except those with low phytate dephosphorylation activity and high content of inorganic phosphates.
